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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an organic FET which can 
be used practically even if an organic semiconductor amorphous 
thin film of low mobility is employed, and to provide an organic EL 
element capable of having a large open area ratio and requiring no 
peripheral transistor. 

SOLUTION: The side gate type organic FET is fabricated by 
standing a gate electrode 12 on a substrate 1 1 and forming a carrier ^ 
moving layer 14 of an organic semiconductor on the same substrate. ; : : 
The carrier moving layer 14 touches the gate electrode 12 through 
an insulation film 13. A source electrode layer 15 and a drain 
electrode layer 16 are formed, respectively, above and below the 
carrier moving layer 14. Furthermore, two control electrodes are 
stood on the substrate and an organic semiconductor light emitting 
layer is formed on the same substrate to touch both control 
electrodes through the insulation layer. Injection electrode layers 
are formed above and below the light emitting layer. When voltages 
of different polarity are applied to both control electrodes, holes and 
carriers are recombined in the light emitting layer to emit light. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] a) Side gate mold organic [ which is characterized by having the gate electrode set up on the substrate, 
the carrier moving bed which has been arranged so that the above-mentioned gate electrode may be touched 
through b insulator layer, and which consists of an organic semiconductor, and the source electrode layer by which 
the c above-mentioned carrier moving bed has been arranged up and down and a drain electrode layer / FET ]. 
[Claim 2] Side gate mold organic [ which is characterized by the above-mentioned gate electrode consisting of two 
or more gate electrodes with which the same polar electrical potential difference is impressed / according to claim 
1 / FET ]. 

[Claim 3] a) two or more control electrodes set up on the substrate, the emitter layer which has been arranged so 
that each control electrode may be touched through b insulator layer and which consists of an organic 
semiconductor, one pair of impregnation electrode layers by which the c above-mentioned emitter layer has been 
arranged up and down, and d — the organic electroluminescence characterized by having the luminescence control 
circuit which impresses the control voltage of reversed polarity to at least two control electrodes. 
[Claim 4] Organic electroluminescence according to claim 3 characterized by the above-mentioned emitter layer 
consisting of the layered product of n mold barrier layer and p mold barrier layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to FET (field-effect transistor) and EL (Electroluminescence. 

electroluminescence devices) which used the organic semiconductor. 

[0002] 

[Description of the Prior Art] The application to the electron device of an organic material starts in full-scale 
utilization of organic electroluminescence (ELectroluminescence), and attracts attention with the organic big device 
driven actively by the announcement of the organic transistor (Organic Field EffectTransistorOFET) using organic 
single crystals by the group of J.H.Shon of a Bell lab, such as pentacene and alpha-sexithiophene. 
[0003] First, the conventional technique about organic [ FET ] is explained. As shown in drawing 5 , organic [ FET ] 
constitutes the channel 53 between the source 51 -drains 52 from an organic semiconductor, and is not different 
from inorganic [ which is generally used in configuration / FET ] at all. However, with an organic semiconductor, 
each can become a carrier to either an electron or an electron hole serving as a carrier with inorganic semi- 
conductors, such as silicon. For this reason, in an organic semiconductor, it is hard to attach distinction of clear p 
mold /n mold, and most quantity of the electron is expected to operate as a carrier also in many p type 
semiconductors to an organic semiconductor. 

[0004] The trouble of current and an organic semiconductor is carrier mobility. Now the carrier mobility of an 
organic-semiconductor amorphous thin film is dramatically as late as about 2/V.s ten to 6cm, and even if it uses for 
FET etc., it is difficult to acquire working speed and property sufficient in a power side. Therefore, although organic 
[ using an organic single crystal / FET ] is proposed, in order to produce an organic single, crystal, time amount and 
cost serve as a serious failure. Moreover, it also becomes spoiling the big advantage of an organic-semiconductor 
device called the possibility of a device with flexible nature. 

[0005] Even if this invention solves such a technical problem about organic [ FET ] to the 1 st and uses an organic- 
semiconductor amorphous thin film with late mobility for it, it offers organic [ which can bear practical use / FET ]. 
[0006] Next, the conventional technique about organic electroluminescence is explained. As shown in drawing 6 , on 
the transparence substrate 61, the organic electroluminescence of structure carries out the laminating of the 
electron hole transporting bed 62 and the electronic transporting bed (luminous layer) 63, and usually sandwiches 
both in the transparence anode plate 64 and cathode 65. An organic electroluminescence ingredient is used for the 
electron hole transporting bed 62 and a luminous layer 63. 

[0007] Organic electroluminescence is a current controlling element, and as shown in drawing 7 , the luminescence 
brightness is proportional to a current (current density) mostly. However, to an electrical potential difference, it is a 
digit unit and is [ as opposed to / as shown in drawing 8 / a slight electrical-potential-difference change ] 
brightness (and current.). Drawing 9 changes. Therefore, when using an EL element as a display which needs delicate 
intensity control, the circuit for changing a signal level into an actuation current is needed. 

[0008] As an example, if it is going to control the luminescence reinforcement of organic electroluminescence by the 
active matrix, the actuation circuit will become like drawing 10 . First, an electrical potential difference is impressed 
to the gate line of the line where the pixel belongs, and a transistor Tr1 is made into switch-on. Since the write-in 
transistor Trl is in switch-on in the meantime when a data signal (status signal) is supplied to a source lateral 
electrode, this status signal is accumulated in capacity C. The switch-on of the actuation transistor Tr2 is 
controlled by the amount of charges of the status signal accumulated in this capacity C, and the amount of currents 
supplied to the organic EL device which is that pixel is determined. 

[0009] Since the duty of organic electroluminescence of operation of the display unit using the organic 
electroluminescence of this active matrix is close to 100%, rf the life of an EL element is disregarded, it has the 
advantage that a daylight display can be performed, by passing a high current. However, it has the technical problem 
that the cost of transistor production is high, and that a numerical aperture (value which **(ed) area of a light- 
emitting part in the area of a pixel) is low, from at least two transistors being needed for driving one EL element as 
mentioned above. 

[0010] This invention also solves the technical problem of such organic electroluminescence, and offers the organic 

EL device which can take a numerical aperture with a surrounding, unnecessarily big transistor. 

[0011] 

[Means for Solving the Problem] First ft is characterized by equipping side gate mold organic [ concerning this 
invention / FET ] with the gate electrode set up on a substrate, the carrier moving bed which has been arranged so 
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that the above-mentioned gate electrode may be touched through b insulator layer and which consists of an organic 
semiconductor, and the source electrode layer by which the c above-mentioned carrier moving bed has been 
arranged up and down and a drain electrode layer. 

[0012] moreover, the emitter layer which has been arranged so that each control electrode may be touched through 
two or more control electrodes with which the organic electroluminescence concerning this invention was set up on 
a substrate, and b insulator layers and which consists of an organic semiconductor, one pair of impregnation 
electrode layers by which the c above-mentioned emitter layer has been arranged up and down, and d — it is 
characterized by to have the luminescence control circuit which impresses the control voltage of reversed polarity 
to at least two control electrodes. 
[0013] 

[The gestalt and effectiveness] of implementation of invention As for a gate electrode, in current FET, arranging to 
parallel to the field of a substrate is common as above-mentioned, however, the thing arranged at the flank (side) of 
the carrier moving bed 14 which set up the gate 12 on the substrate 11 and was similarly laid on the substrate 11 as 
shown in drawing 1 (minding an insulator layer 13) — the travel of a carrier — short — it can carry out (since 
channel width is thickness, it becomes nano order) — the touch area of the carrier moving bed 14, and the source / 
drain electrodes 15 and 16 can be enlarged dramatically. For this reason, it is set to large FET of the allowable 
current with a large enough switching rate even if it uses the late amorphous organic semiconductor of carrier 
mobility for the carrier moving bed 14. Moreover, in conventional FET. since a source electrode, a channel, and a 
drain electrode had to be located in a line on the same level on a substrate, in order to form them, it had to pass 
through the complicated lithography process, but with the side gate FET structure concerning this invention, since a 
source electrode, the carrier moving bed (organic-semiconductor layer), and a drain electrode layer are carrying out 
the laminating to order on the substrate, a laminated structure can be easily built using simple vacuum deposition 
etc. For this reason, t the width of face of selection of an electrode material spreads. Moreover, it can also consider 
as a flexible device by selection of a raw material. 

[0014] An electrode advantageous to impregnation is used for a source electrode and a drain electrode to the 
carrier which should be controlled. For example, in the case of an electron, electrodes (for example, Mg etc.) with 
the work function suitable for LUMO (Lowest Unoccupied Molecular Orbit, minimum non-occupying molecular 
orbital) of the carrier moving bed are used, and it uses the electrode (for example. ITO=Indium Tin Oxide, an indium- 
stannic-acid ghost) which HOMO (Highest Occupied Molecular Orbit, the highest occupancy molecular orbital) and a 
work function suited for a hole injection. 

[0015] In addition, as shown in drawing 1 (a) and (b), FET concerning this invention operates theoretically, even if 
the gate electrode 12 is either forward or negative, but as shown in drawing 2 (a) and (b), it can raise carrier density 
by arranging the gate electrode 22 on both sides of the carrier moving bed 24 (to or perimeter). In this case, the 
same polar electrical potential difference is impressed to both sides or the surrounding gate electrode 22. 
[0016] The configuration of drawing 2 side gate mold organic [ FET ] is explained. The gate electrode 22 is set up on 
the substrate 21 which consists of transparent construction material, such as glass or a polymer. An insulator layer 
23 is formed in the perimeter of the gate electrode 22 by the approach of oxidizing the front face of the gate 
electrode 22. On a substrate 21, the laminating of the carrier moving bed 24 which consists of an organic 
semiconductor is carried out again so that an insulator layer 23 may be touched. The laminating of the up electrode 
25 and the lower electrode 26 is carried out to the upper and lower sides of the carrier moving bed 24. Among the 
up electrode 25 and the lower electrode 26, either serves as a source electrode and another side serves as a drain 
electrode. In addition, since the both sides of an electron hole electron can become a carrier as aforementioned in 
the case of an organic semiconductor, these can also call it a cathode/anode. 

[0017] In the organic semiconductor which constitutes the carrier moving bed 24 For example, with n mold 
(electronic transport mold), it is N and NT-dimethyl perylene. - 3, 4, 9, 10-screw dicarboxymide. Copper (II) 1. 2. 3. 4, 
8, 9. 11, 15, 16, 17, 18, 22, 23, 24, 25-hexadecafluoro-29H. 31 H-phta locyanine. etc. In p mold (hole transport mold), 
acenes, such as CoppeKH) phtalocyanine, pentacene, an anthracene, and tetracene, alpha-sexthiophene, thiophene 
oligomer, etc. can be used. Gold, aluminum, silicon, polish recon, etc. and a transparent electrode can be used for 
the gate electrode 22. Moreover, in the case of n mold, in the case of p mold, an alloy with alkali metal with a small 
work function, alkaline earth metal or they and aluminum, silver, etc. can be used for a source electrode and a drain 
electrode for ITO with a large work function, gold, platinum, lead, etc. 

[0018] Next, the organic electroluminescence concerning this invention is explained. In organic [ of the structure of 
drawing 2 / FET ], as shown in drawing 3 , a polar electrical potential difference which is different in the gate 
electrode 32 of both sides is impressed, and the electron hole and electron which were generated near both the 
gates electrode 32 (it can also be called a control electrode) recombine and emit light within an organic 
electroluminescence ingredient (emitter layer) by mixing an organic electroluminescence ingredient in the organic- 
semiconductor layer 34. That is, it is completion of organic electroluminescence. The above-mentioned source 
electrode and a drain electrode turn into the impregnation electrodes 35 and 36. 

[0019] Since the organic electroluminescence concerning this invention can control an electron hole and 
concentration of electrons by the electrical potential difference impressed to a control electrode 32 and can control 
the amount of luminescence, the direct armature- voltage control of it becomes possible. Therefore, the transistor 
for voltage-current conversion like drawing 10 becomes unnecessary, and it becomes possible to raise a numerical 
aperture. 

[0020] In addition, the conventional thing can be used for a substrate, an electrode, and an organic 
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electroluminescence ingredient as it is. 

[0021] When considering as organic electroluminescence, as shown in drawing 4 . a lot of recombination can be 
generated by introducing p-n junction into an organic-semiconductor layer. Moreover, in the organic 
electroluminescence of this invention, it is advantageous to make thickness of an organic-semiconductor layer 
larger than before, and thereby, while raising luminescence reinforcement improvement in the dependability of a 
device can also be expected. 

[0022] The configuration of the organic electroluminescence of drawing 4 is explained. On the substrate 41 which 
consists of transparent construction material, such as glass or a polymer, forward and the negative control 
electrode 42 are set up. An insulator layer 43 is formed in the front face of both the control electrodes 42 by 
oxidation etc. On a substrate 41. the laminating of the transparence anode plate 46 is carried out first and the 
laminating of the electron hole transporting bed 44 and the electronic transporting bed (luminous layer) 45 is further 
carried out to order. The laminating of the cathode 47 is carried out to the upper part of the electronic transporting 
bed 45. 

[0023] Of course, the laminating of the electron hole transporting bed 44 and the electronic transporting bed 45 
(and an anode plate/cathode) may be carried out to reverse. 

[0024] It triphenylamine(s). the above-mentioned electron hole transporting bed 44 — for example, triphenyl 
diamine, 4, 4', and 4" -tris [3-methylphenyl(phenyl) amino] — It triphenylamine(s). 4. 4', and 4" -tris [1-naphthyl 
(phenyl) amino] — It triphenylamine(s). 4, 4*. and 4" -tris [2-naphthyl(phenyl) amino] — It triphenylamine(s). 4. 4\ 
and 4" -tris [biphenyl-4-yK3-methylphenyl) amino] — It triphenylamine(s). 4, 4', and 4" -tris [9 and 9-dimethyl-2- 
fluorenyl(phenyl) amino] — 4, 4\ 4"-tri(N-carbazolyl) triphenylamine, 1, 3, 5-tris[N-(4-diphenylaminophemyl) 
phenylamino] benzene, 1, 3, 5-tris{4-[methylphenyl(phenyl) amino] phenyl} benzene, N, N'-di(biphenyl-4-yl)-N. N'- 
diphenyl-[1, 1*-biphenyl]-4, ^^diamine, N. N. N\ N*-tetrakis(9 and 9-dimethyl-2-fluorenyl)-[1, V-biphenyl]-4, 4'- 
diamine, etc. can be used, the above-mentioned electronic transporting bed 45 — for example, a quinolinol aluminum 
complex, an oxadiazole derivative, 1 and 3, and 5-tris[ — 5- (4-tert-butylphenyl) — 1,3, 4-oxadiazol-2-yl]benzene, 
5, and 5'-bis(dimesitylboryl)- 2 and 2 -bithiophene. and f 5. 5' — -bis (dimesitylboryl) 2 and 2' — :5'2'-terthiophene 
etc. can be used. 

[0025] Gold, aluminum, silicon, polish recon, etc. and a transparent electrode can be used for the above-mentioned 
control electrode 42, for example. ITO, an indium zincic acid ghost, the conductive poly aniline, etc. can be used for 
an anode plate 46. A magnesium silver alloy, a magnesium indium alloy, a magnesium copper alloy, an aluminium- 
lithium alloy, etc. can be used for cathode 47. 

[0026] In addition, with the structure of the present organic electroluminescence shown in drawing 6 . since a 
recombination field and the metal electrode are very near, even if it is going to make it laser, the absorption of light 
by the metal electrode poses a problem. By the organic electroluminescence concerning this invention, impregnation 
mold organic laser may be realizable to it by carrying out the laminating of the ingredient with high FET mobility 
thickly (it may differ from the mobility (for example, TOF value measured using law, an I-V property, etc.) of the 
organic semiconductor generally known, and FET mobility). 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] The sectional view showing the basic configuration side gate mold organic [ FET ] concerning this 
invention. 

[Drawing 2] The sectional view showing another example of a configuration side gate mold organic [ FET ] 
concerning this invention. 

[Drawing 3] The sectional view showing the example of 1 configuration of the side gate mold organic 
electroluminescence concerning this invention. 

[Drawing 4] The sectional view showing another example of a configuration of the side gate mold organic 
electroluminescence concerning this invention. 

[Drawing 5] The sectional view showing the conventional configuration organic [ FET ]. 
[Drawing 6] The sectional view showing the configuration of the conventional organic electroluminescence. 
[Drawing 7] The graph which shows the relation between the current density of organic electroluminescence, and 
luminescence brightness. 

[Drawing 8] The graph which shows the electrical potential difference of organic electroluminescence, and the 
relation of luminescence brightness. 

[Drawing 9] The graph which shows the electrical potential difference of organic electroluminescence, and the 
relation of current density. 

[Drawing 10] The circuit diagram of the organic electroluminescence actuation circuit of an active matrix. 
[Description of Notations] 

11 21 — Substrate 

12 22 — Gate electrode 

13 23 — Insulator layer 

14 24 — Carrier moving bed 

15 25 — Up electrode 

16 26 — Lower electrode 

31 41 — Substrate 

32 42 — Control electrode 

33 43 — Insulator layer 

34 — Organic electroluminescence luminous layer 

44 — Electron hole transporting bed 

45 — Electronic transporting bed (luminous layer) 
35, 36, 46, 47 — Impregnation electrode 
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'J U>- 3,4,9,10- tr^S/*Jl-#*S/ 5 h\ Copper(II) 
1,2,3,4,8,9,11,15,16,17,18,22 ,23,24, 25-hexadecaflu 
oro-29H,31B-phta locyaninel¥£, pS* 

*T?«Copper(II)phtalocyanine, ^>^-fe>,T>h 
^ *te > , x r ^ *te (fCDT-fe >*S, a -sexthiophene, 

v-xiisc; f u ^ rmom^titmm 

[0018] ^CCC, *«W{Cffi-5#ttEL(C^C>rMM1- 

gi2o^cDW^FETfc^ir, i^3cc^-r<=t ^ 
0 . ^m^m»m 3 4 cc^r %&ELtmzu\? h c <b cc j: 

3 6 <t£*o 

[0019] *«W«C»SW«ELtt, $fJ®m@3 25C6P 

[0020] & to. sfi. se. ««EL*m«ctt, st* 
[0021] w^ELi-r^^, S4cc7^-rj:^^, * 

«*«*JBK:p-nJ»^*#A-r*Ci-C, J:^)^acDW 
[0 0 2 2 ] B4<OW«EL(D*J5£€:BM8-r'S. 

fc«ij«y^-«©aiift»iWft6jas»E4 i±«c. 1 
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Rvnoimmmm 4 2 z . 4 2 <dsi * 

±cc«. srannC4 8«fMu w«E?u&iiyi4 

»3SJH4 5 0±SHCttBsffi4 7 
[0 02 3] fct3 5A,, jE?L^B4 4^m^^J14 

[0 024] ±EjE?L»aiH4 4 tc«. h «; 7 x 

— )\/isT 5 >, 4,4* ^''-tris^-niethyl phenyl (phenyl) 
ami no] t ri phenyl ami ne, 4 , 4 1 , 4 " -t ri s [1-naph thyl (phe 10 
nyl ) ami no] tri phenyl ami ne, 4 , 4 * , 4 " -tri s [2-naphthyl 
Cphenyl) amino] tri phenyl amine. 4,4* ,4* '-tris[biphen 
yl _4-yl -(3-methyl phenyl ) ami no] tri phenyl ami ne, 4 , 
4 1 1 4« -_t ri s [9, 9-di methyl -2-fluorenyl (phenyl) ami no] 
tri phenyl amine, 4,4' ,4' '-tri (N-<:arbazolyl)tripheny 
1 ami ne, 1 , 3 , 5- 1 ri s [N- (4-di phenyl ami nophemyl ) phenyl 
ami no] benzene, 1,3, 5-tris {4- [methyl phenyl (phenyl)a 
mi no] phenyl }benzene, N , N 1 -di (bi phenyl -4-yl )-N,N'-d 
i phenyl -[l r l'-bi phenyl] -4 ,4' -diamine. N,N,N' ,N'-te 
t raki s(9 , 9-di methyl -2-f 1 uorenyl ) - [1 , 1 ' -bi phenyl ] - 20 
4 , 4 ' -di ami ne^Srfli l> & C t * £ . ±1 ZM^Wlxkm 
4 5 Wit tf * -/ U ^ — il>T A ^ l#f*v oxadiazole 

if zgf* , l , 3 , 5- 1 ri s [ 5- (4-tert-butyl phenyl )1 , 3 , 4-oxa 
di azol-2-yl ] benzene, 5 , 5 ' -bi s (di mesi tyl boryl ) -2 , 2 ' 
-bi thiophene, 5 , 5 ' ' -bi s (di mesi tyl boryl ) 2 , 2 ' : 5 ' 2 ' -t 
erthiophene§f£JBl^ & C t £ h * 
[0 02 5] ±f3WfiI*K4 2 tttt, 

fflt^CiWtS, H«4 6K:tt. im >T>^^A 
ffi$G»{fc«J, itft# y 7 - «J >**ffl^4 c i^t* 30 

[0 02 6] B 6 CC^L/c^fficOW^ELCDlt^r 

L J: 9 i U r &]R mffii c J: -5 * © » H« <b ft & . 



[02 ] ^mmcm^-v- a vmnmmmm 

[13] *»!B«:*St^ Fy— hMW^EL©-1f)S 
[04 ] *»e8CC«41^^ py- hSff«EL©S0©« 

[0 8 ] WSEL^mjEi^fej^a^K^^^Ty^ 
[0 9 ] m^EL^W.KtWM^^m^Tfkt i^y 
[010] 7^f-<^FV* x;fr5£<DW«ELJE»@ 



11,21 »•«« 
12,2 m@ 
13,2 3-«aai 
14,2 4-** vr^as 

15.25 -±aR«« 

16.26 -T«B«« 
3 1,41 -WR 

3 2,4 2 -WJ©«« 
3 3,4 3 -fettl 

3 4»-*«EL#fe)fcJl 

4 4-iEtti8JfiM 

4 5-«^iftas» 

35, 36, 46, 47 -&A«ffi 
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[110] 




F % — (#^) 3K007 AB02 AB03 ABU AB18 DB03 
5FU.0 AA07 BB01 CC09 DD01 DO02 
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